Thyroid carcinoma is a malignancy with high morbidity and mortality. Genetic alterations play pivot roles in the pathogenesis of thyroid carcinoma, where long noncoding RNA (lncRNA) have been identified to be crucial. This study sought to investigate the biological functions of lncRNA expression profiles in thyroid carcinoma.
Identification of Long Non-Coding RNA Expression Profiles and Co-Expression Genes in
Background Thyroid carcinoma is one of the most malignant tumors and it is postulated that morbidity and mortality by thyroid carcinoma in USA are increasing observed in 2019 [1] . Pathologically, papillary thyroid carcinoma (PTC) represents 80% of thyroid tumors which derived from parafollicular C-cells, where follicularcell originated carcinomas are most common. Except for PTC, follicular thyroid carcinoma (FTC) (15%), poorly differentiated thyroid carcinoma (PDTC) (<2%) and anaplastic thyroid carcinoma (ATC) (<2%) have constituted follicular cell-derived thyroid carcinoma. FTC and PDTC have a decent prognosis, while ATC has high mortality a survival 3-month to 5-month survival rate after first diagnosis [2, 3] . Over the past few decades, the increased incidence of thyroid carcinoma is not only attributed to environmental changes, but also mainly attributed to improvements in early diagnosis of thyroid carcinoma [4] [5] [6] . Although thyroid carcinoma is a multifactorial disease (as many studies have shown), pathogenesis, including genetic alternations, plays vital roles in carcinogenesis. The phosphatidylinositol-3-kinase PI3K/AKT and mitogen-activated protein kinase (MAPK) has been extensively revealed alternations in thyroid carcinoma with different molecular mechanisms [7] [8] [9] .
With the development of high-throughput sequencing technologies, more than 20 000 lncRNAs have been drawn attentions since these noncoding transcripts were regarding as gene trash elements before [10] . It is widely recognized that lncRNAs are participated in the regulation of transcription, splicing, translation, and imprinting [11] [12] [13] [14] [15] . Increasing studies of lncRNAs show that they play vital roles in various human disease, especially in cancer [16, 17] , where lncRNAs may exhibit as tumorigenic or tumor suppresser genes. Ding et al. demonstrated that lncRNA TPTEP1 could inhibit hepatocellular carcinoma cell development and occurrence by controlling IL-6/STAT3 signaling [18] . Yu et al. suggested AFAP1-AS1 was an oncogenic gene and that the AFAP1-AS1/LSD1/HBP1 axis could be a new therapeutic target in non-small cell lung cancer [19] . Similarly, thousands of lncRNAs are involved in tumorigenesis in thyroid carcinoma, but the characterization of differential lncRNA expressions and functional profiles in thyroid carcinoma remain unclear.
In our study, we sought to analyze the differentiated lncRNA profiles in thyroid carcinomas by extracting from The Cancer Genome Atlas (TCGA) database. Additionally, investigated the relationship between differentiated lncRNAs and overall survival rate on patients. Also, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) functional analyses were conducted to show the functional mRNAs. To this end, we demonstrated that the lymph node metastasis was associated lncRNAs. Taken together, our results provide new insights for tumorigenesis and lncRNA related pathogenesis in thyroid carcinoma.
Material and Methods

Datasets and differentially expressed lncRNAs
The transcriptome profiling data of 510 thyroid carcinoma samples and 58 normal thyroid samples were obtained from The Cancer Genome Atlas (TCGA) in January 2019. The lncRNA sequencing data and related clinical information were generated and we download them by utilizing The GDC Data Transfer Tool (https://gdc.cancer.gov/access-data/gdc-data-transfertool). Our study abides by the TCGA publication guidelines (http://cancergenome.nih.gov/publications/publicationguidelines). By comparing thyroid carcinoma tissues to normal tissues and using R package edgeR in R software (version 3.4.1), differentially expressed lncRNAs were identified with thresholds |log2FoldChange| >2 as well as adjusted P value <0.05. The lncRNAs were annotated by ENSEMBL (htps://www. ensembl.org/) and depicted using the pheatmap package in R program. Ethical consent was not required because all the data in this study were obtained from the TCGA database.
Cox regression and survival analysis
All differentially expressed lncRNAs were subjected to univariate Cox regression with P value cutoff <0.01. Then the significant lncRNAs which related to univariate Cox regression were subsequently analyzed in a multivariate Cox proportional hazards model. By following the results of the multivariate Cox model and median risk score point, a total of 251 patients were grouped into "High risk" and "Low risk" respectively, where the risk score formula was shown as following:
Risk score=bgene 1× exprgene 1+ bgene 2× exprgene 2+: : : + bgene n× exprgene n [20] . Cox regression analysis and Kaplan-Meier survival analysis were performed by using R package "survival". The receiver operating characteristic (ROC)-curve analysis and C-index analysis were conducted to evaluate the consequence of the risk system we established, which were performed by using R package survivalROC and BiocManager, respectively. The log-rank test was employed to evaluate the statistical differences in overall survival, and survival curves were depicted by Kaplan-Meier analysis, where P<0.05 was considered as statistically significant.
LncRNAs-proteins correlations
The correlations between differentially expressed lncRNAs and related mRNAs were determined by using package limma in R program. The minimum interaction absolute value was set at medium confidence 0.400 with P value cutoff <0.001. Based on the results, all correlated genes were submitted to functional enrichment analysis for further validation.
Functional analysis
In order to demonstrate the biological functions of the differential expressed lncRNAs which involved in our predictive model, functional enrichment analysis was performed by analysis of GO and KEGG pathway. By analyzing all the lncRNAs correlated genes, as indicated, we used clusterProfiler package in R software to determine the molecular function, biological process and cellular component for GO analysis and pathway analysis in KEGG. The histograms for GO and KEGG were acquired by the R package GOplot.
LncRNAs related to lymph nodes metastasis
A total of 352 differentially expressed lncRNAs, as indicated, were analyzed in relation to 230 nonlymph nodes metastasis (N0) patients and 225 lymph nodes metastasis (N1) with thresholds |log2FoldChange| >2 as well as adjusted P value <0.05. Moreover, these lncRNAs which link to lymph nodes metastasis were visualized using the pheatmap package in R program.
Results
Differentially expressed lncRNAs in thyroid carcinoma
A total of 352 lncRNAs were identified as differentially expressed in thyroid carcinoma (510 thyroid carcinoma samples versus 58 normal thyroid tissues) ( Supplementary Table 1 ). Of these, 166 lncRNAs (47.2%) were considered to be downregulated while 186 lncRNAs (52.8%) were upregulated. By visualizing the lncRNAs expression profiles, we performed volcano plot and heatmap to depict the overall differences among each gene ( Figure 1A , 1B).
Cox regression and overall survival model
A total of 352 differentially expressed lncRNAs were determined with univariate Cox analysis, as shown in Table 1 . We found 12 lncRNAs to be significantly related to overall survival with univariate Cox regression at a significant level of P<0.01. Subsequently, we then performed a multivariate Cox regression analysis where a total 8 lncRNAs were found to be as coupled to a prognosis model for overall survival (P=5.2405e-06), of which DOCK9-DT, LINC00900, C8orf34-AS1, LINC01736 were suggested as protective factors while ATP2C2-AS1, FAM111A-DT, LINC02550, LINC01896 increased the risk in thyroid carcinoma ( Figure 2 ). However, ATP2C2-AS1 and LINC02550 were downregulated genes, where the other 6 genes determine the opposite functions ( Table 2 ). According to the overall survival model, we grouped patients into "high risk" and "low risk" groups, where the high-risk patients showed worse overall survival to low-risk group (P=1.0627e-04) ( Figure 3A ).
Additionally, ROC-curve analysis depicted the discriminative value of our established risk scoring system, where we found an AUC=0.862 ( Figure 3B ). Our risk scoring system was found to be highly sensitivity and specificity (100% and 94%) respectively in predicting overall survival, and the high-risk scoring group could be used for an impressive method for overall survival prediction. The heatmap represents the expression profiles of overall survival model based on the risk scoring system ( Figure 3C ). Also, we calculated the C-index value of our overall survival model, which is well proven ( Table 3 ). Furthermore, the risk scores and survival status of all patients were visualized in Figure 4A and 4B where high-risk patients were significantly correlated to death as expected. Only 1 patient dead in the low-risk group (0.4%), while 15 patients dead in high-risk group (6.0%). Together, these data demonstrated that the impressive overall survival model based on the Cox regression could be a decent method for prognosis prediction.
LncRNAs correlated mRNAs and functional analysis
A total of 3 lncRNAs (DOCK9-DT, FAM111A-DT, and LINC01736) were involved in the overall survival model and were found to be correlated to mRNAs expressions which co-expressed with 3274, 3412, and 31 mRNAs respectively. Based on the predicted Pearson correlation score, the top 5 correlating mRNAs of DOCK9-DT, FAM111A-DT, and LINC01736 are presented in Figure 5 . We found a significantly strong correlation between DOCK9-DT and SDC4 (Cor=0.826, P=6.156e-143) and between FAM111A and FAM111A-DT (Cor=0.839, P=2.212e-151).
To further investigate the biological functions of these co-expressed mRNAs, we conducted GO and KEGG functional analysis. As shown in Figure 6A , the results indicated that for GO analysis, most of the mRNAs were assembled in cell adhesion molecule binding with the lowest P-value at 8.33e-05 in FAM111A-DT while oxidoreductase activity, acting on the aldehyde or oxo group of donors represented the lowest P-value 6.82e-05 in DOCK9-DT. In addition, a total of 4 mRNAs were related to phospholipid binding in LINC01736. By analyzing the results of KEGG enrichment pathways, we found that in DOCK9-DT, a total of 70 genes were gathering in MAPK signaling pathway, while human papillomavirus infection reflects the most significant pathway including 85 genes in FAM111A-DT and Staphylococcus aureus infection represents the highest cancer associated pathway in LINC01736 ( Figure 6B ). These results indicated that these 3 lncRNAs might play vital roles in the tumorigenesis by targeting functional mRNAs.
Lymph nodes metastasis-related lncRNAs
Since lymph nodes metastasis is a critical predictive factor in thyroid carcinoma [21, 22] , we further analyzed the relationship between differentially expressed lncRNAs and lymph nodes 9754 metastasis. Among 352 differentially expressed lncRNAs, we found that 4 upregulated genes (LINC01016, LHX1-DT, IGF2-AS, and MIR1-1HG-AS1) were significantly expressed across patients with N1 than N0 (Table 4) , and the results were visualized by heatmap ( Figure 7 ).
Discussion
The screening of RNAs transcripts was facilitated in the past 20 years and lncRNAs were testified to be an emerging factor which strongly associated with tumorigenesis and metastasis in thyroid carcinoma [23] [24] [25] [26] . To understand the mechanism of genetic and epigenetic alterations in thyroid carcinoma, we investigated the transcriptomes files of thyroid carcinoma and normal thyroid samples based on TCGA database. We clarified that some lncRNAs have significantly interactions with overall survival, and the predictive survival model was established where some gene expression signatures were well elucidated. Furthermore, LINC01016, LHX1-DT, IGF2-AS, and MIR1-1HG-AS1 showed the possibility related to lymph node metastasis in the thyroid. 
LAB/IN VITRO RESEARCH
We found in our overall survival prediction survival model that DOCK9-DT, LINC00900, C8of34-AS1, and LINC01736 exerted as protective factors in prognosis, while ATP2C2-AS1, FAM111A-DT, LINC02550, and LINC01896 increased the risks; however, only FAM111A-DT and LINC02550 exerted as oncogenes in thyroid carcinoma as well as significantly positively correlated with poor outcomes in patients. Interestingly, these lncRNAs have not been reported or studied before, the prognostic value of these bundles of genes and our overall survival model remains to be confirmed and demonstrated. [29] .
Our results showed for thyroid carcinoma were consistent with these previous studies, suggesting the relations of FAM111A with tumorigenesis and prognosis. Additionally, 3 (DCSTAMP, PTPRE, and SLC34A2) of top 5 correlated genes of FAM111A-DT were reported to be positively correlated with the development of thyroid carcinoma [30] [31] [32] [33] . However, biologically, functional experiments and larger cohort studies should be performed in the future to further explain the molecular mechanisms of FAM111A-DT in thyroid carcinoma as it only showed a trend in the Cox proportional hazards model (P=0.052)
It is well known that the clinicopathological features, such as distal tumor metastasis and lymph node metastasis, as well tumor grade or staging have been proven to be pivotal prognostic factors in thyroid carcinoma, but the relationship with lncRNAs expression profiles remains obscured. In our study, one of the novel and potentially important findings was that LINC01016, LHX1-DT, IGF2-AS, and MIR1-1HG-AS1 were significantly linked to tumorigenesis and lymph node metastasis. None of the lncRNAs have been investigated except IGF2-AS. It has been proposed that IGF2 encodes a member of the insulin family of polypeptide growth factors, which promote growth-promoting activity possess. Consequently, as an antisense RNA of IGF2, IGF2-AS plays an important role in various cancers, including neuroblastoma and prostate cancer [34, 35] . However, the function of IGF2-AS in thyroid carcinoma has not been elucidated yet; larger cohort is needed to testify the role and mechanisms.
Conclusions
We have identified differentially expressed lncRNAs based on TCGA database which associated with oncogenesis and prognosis of thyroid carcinoma. Although many lncRNAs showed promising and novel roles as biomarkers, lack of literature support limits the determinacy of these gene signatures. Future mechanistic studies are needed to validate these finding using functional experiments in vivo and in vitro. Importantly, our study provides new understandings for future studies of lncRNAs in thyroid carcinoma.
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